
Tebokclior,VoL42.No.2.pp.447to18B.1986 aw4020/%6 u.oo+ .a0 
RintedhGmtBlit& lkrgumaRaLtd. 

TETRAHEDRON REPORT NUMBER 195 

(R)- AND @‘J-2,3-0-ISOPROPYLIDENEGLYCEIMLDEHYDE 
IN STEREOSELECTIVE ORGANIC SYNTHESIS 

JANUSZ JURCZUC,* STANISUW PIK~L and TOMASZ BAUER 
Institute of Organic Clnmiay, Polish Academy of Sdenos, 01-W Wamawa, Poland 

(Recetued 5 December 1984) 

1. Inuodwtio!l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 447 

2 Pnqxttation of(Rb and (Q&3-0-bopropylidem@~y& (1) .......... 448 

3. Simple TramfM of(R) and (.+l-Chird C,-Synthons ............ 450 

AdditiomandRehtodRcactiom. 
. ~modol~~ 

. . . . . . . . . . . . . . . . . 456 

4Ludihnoimaalloo~-ta : : : : : : : : : : : : : : : : : : : 
4% 
458 

4.3. Aldol colKklmtionandrdatalrtaaioM. ................. 464 

5. PleydicRoactionr 470 
5.1. Di&-~cyd~~tio~ahd;$&;cadidns: : : : : : : : : : : : : : : : 470 
5.2 l3mpolucydoaddition ....................... 475 

6. WittigTypcReactio~. ......................... 476 

7.TotalSyntlmisofNaturalRoducts ..................... 479 

8. Mixdheo us............................. 485 

9. Condusiona ............................. 485 

Rdcnmce. .............................. 485 

1. INTUODUCITON 

Contemporary tuqmmetric synt.hcsis is a widely used method for stereocontrolled creation of C-C 
bonds in organic molecukl During receht years, ,this approach to organic synthesis greatly 
contributed to progr- in the dkected’introduction of various futktionalities, and in the highly 
controlled formation of neW ccntrea of chirality. T&se processes still remain the basic problems in the 
tot&l syntheriis of natural prodkts. Preparation of the latter in optically pure form by application of 
c&ml starting materials is very advantageous, enabling precise planning and eflicient .kalization of 
synthetic pkthways:Man): moWaccharides and heir readily -available derivatim are versatile 
substrates for the synthesis of i@cally active target mokcuks2 2,3-0-Isopropylideneglyceraldchyde 
(1) is ohe of khe chosen compounds; it is charact&& by ready akhibility of%oth enantiomers from 
&ural sources, and by .&nout~~A versatility due to the presence of the aldehyde and protected diol 
functionality in the molecule (Fig. 1). 

On account of the increasing interest of chemists in 1, reflected by the augmenting number of 
relevant publications, and in view of our belief that its further potential applications may be very 
important, we resolved to gather and present the actual knowledge concerning the use of 1 in 
stereocontrolled organic synthesis. In the pre8ent review we shall focus attention mainly on the 
reactions using the carbonyl group of 1 to for& a new centre of chirality~nucleophilic additions, aldol 
condensations and cycloadditions). The main part of the review is preceded by a presentation of 
methods for the preparation of both enantiomers of 1 and of its analogues containing other protective 
groups of the diol functionality, 89 well as by discus&n of s&I& ttansformationsof (R)- and (el into 
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other usefbl chid C3-~~~on~. Wit* reactions and ster~~~o~~ fronton of the 
restthing double bond am.rilso surveyed, Finally, s&me se&c&d examples of total syntheses of natural 
pr~u~.~~g 1. as-a starting material are @en 

and Fiseher in 1939.3 ~-Mann&o1 (2b.a naturally ocaurin g inexpensive poIyhydroxy compound, was 
used as a starting material. Bis(~~to~&~ of r+maunitol (3) was prepared in 55% yield, and the 
resulting dial was cleaved with lead tetraacetate to give (R)-1 in ‘76% yield4 (Scheme 1). 

In recent years, several modifications of this &s&al, but still most often applied method were 
reported. As umoerns the first stage of prepar&ion of compound 3 from 2, modifications of 
Chittendens Debost et af.’ and ICierstead et at.’ are notewurthy. ~efo~~~tion~vo~v~ the 
use of 2,2dimethoxypropane (instead of acetone) in ~~~ethoxye~~ in the presence of tin(n) 
chl~ride.~ The second one concerns the use of 2amethoxypropane in anhydrous dimetbylformamide, 
in the presence of catalytic amounts of ptoluenesulfonic acid6 The latter modific&ion consists of the 
action of 2,24methoxypropane on =mannitol(2) in the presence of p-toh&suIfonic acid in dry 
~e~y~~o~e as a solvent ; this prooedure not o&y &fords a higher yi& {62!Q, but also enabIes a 
reduction of the volume of solvents and greatly simphftes the work-up.r Recently, Kusrmann et aC.s 
studied in detail and compared, using gas-liquid chromatographic techniques, three methods of 
preparation of 3 : the classical one, 3*4 later improved by Tipson aud Cohen* and those proposed by 
Chittendens and Debost et ~1.~ In rtach reaction isomeric diacetals were formed, but the method of Baer 
and Fisch&*’ gave 1,2: 5,64iacetal3 in the highest yield (63”/o),s 

As conem modifications of the second stage de&@ with cleavage of the vie&o1 grouping in 3, 
they involve replacement of lead tetraaeetate by sodium periodate10-‘2 or by catalytic amounts of 
bismuth derivatives : ~-ox~bis~c~orot~ph~ylbismuth}~3 or t~pheny~~smut~14 as weii as the 
substituted guanidinium salt of m-iodoxybenxoic acid.‘j 

In contrast to (R)_23-O-isopropylidLlneBlyar;raldehyde (1X enantiomer (S)-1 is not readily 
available. Among a few of the so far pubhshed methods for the preparation of (s)-1, the first one 
invcrfved a reaction sequence ~~0~0~s to Scheme I) starting from unnatur& r..-mannitol which must 
be made from r.-mannoserb*17 (and ultimately from L-arabinosP or L-in~sitol).~s 

Another convenient method for (s)-1 preparation, consisting in degradation of ascorbic acid (4j, 
was proposed by Jung and Shawl’ (Scheme 2). 

Thesaturateddiolfunctionofascorbicacid(4)ca~dbeeasilyandcleanlyproteetadasacetonideS; 
amorrg the many procedures. applied, the simplest one ~8s to dissolve 4 in an excess of acetone 
containing a catalytic amount of ace@ eh&ide~2* The subsequent muhistep one-pot procedure of the 
p~~tionof~~lfrom5provedtobeve~sucoessfuL19Treatmeatof5withoneequivalcntofs~~ 
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Scheme 2. Reamta : (a) Me&O, AcCl ; (b) 0 NaBfib, (ii) NaOH, (iii) H +, PH 7 ; (cl PWAc),, EtOAc. 

boroh ydride p resumabiy reduces the enediol functionality. Cleavage of borate estersand &tone with 
excesssodiumhydroxide,fo~w~by~~neutr~tion,probablyproducesacetoni.dtcarboxylate 
6, although the latter could not be isolated from the inorganic materials, and ail attempts to form the 
corresponding free acid also led to hydrolysis of the ketal. The dry mixture of salts containing 6 was 
treated with 3.5 equivalents of lead tetraacetate in ethyl acetate to cleave all vie-glycol bonds and to 
produce (S)-1 in solution. This method was apex and adapted to the large scale by Takano et al.” 

Other, less efficient methods for preparation of (&I from inexpensive, naturally occurring 
mater&is (e.g. ~~rbitol) were also invest@WLz2 

Whereas 2$O+opropyiideueglyceraldehyde (1) is most widely used, there are reports on 
applications of other groups protecting the diol function: Odimethyl,23 0-dibenzyl,2c26 O- 
carbonate,27 O-dibe~~yl~~ aud 0~clohexylidene~2g Preparation of (R)-2,3-d&O-benzylglycer- 
aldehyde (9) is presented in Scheme 3. 

OH 

8 m-9 

: (a)(i) PhCH&, NaH, (ii) H+, H20;(b) Pb(OAc), EtOAc 

3,4-O-Isoprqylideue derivative 7, readily available Tom D-mannitol, was benzyiated under 
standard conditions and hydrolyzed to 8, whereupon it was cleaved with lead tetraacetate to 
compound 9in 50% yiekLfS 

Recentfy,ageueraXapproachtothesynthesisofO-acylated~Schenne4,pathA)aswe~lasacetalorO- 
siiylated (path B) derivatives of glyoeraldehyde was developed.jO 

OR OH 0 

I2 14 (RI-B 

scheme 4. Reagents: (a)(i) PhCHIBr, n-BubN+Br-, (ii) H +, H,O;(b)(i) RCOCI, pyridine,(ii) H1 Pd/C; (c) 
Pb(OAc), bmzme;(d)(i)Ac,O,EtSN,(ji)H,O;(c)(~aoctsfizationorsilyta~~n ~n~tio~(~) LiAlH.,THF. 
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The bis(acetonide) of u-mannitol(3) was benxylated (path A) or acetylated (path B), whereupon 
both the benxyl and acetyl derivative, were hydrolyxed to give 10 and 13, respectively, 10 treated with an 
acylation agent and then catalytically hydrogenated afforded derivative 11 which was cleaved with lead 
tetraacetate toproduceprotectedglyceraldehyde(R)-12. In thismanncr,(R~53-di-O-acetyl-,-benzyl-, 
and -carbonateglyceraldehyde were obtained in satisfactory yields3* 

3,~~-O-a~tyl-~m~toi (13) treated with an appropriate carbonyl compound or silyl chloride 
under acetalixation or silylation conditions afforded the corresponding derivative ofD-mannitol which 
was reduced with lithium aluminium hydride to give 14. The vicdiol grouping of 14 was cleaved under 
standard conditions to produce glyceraldehyde derivative (R)-15. In this manner (R)-2,3-O- 
cyclohexylidene- and di-0-t-butyldimethylsilylglyceraldehyde were obtained in good yields.3o 

~3-O-I~pr~y~d~e~y~~dehyde (1) can be readily and e&iently obtained even on lare 
preparative scale, but its stability is limited owing to the tendency to polymerization, thus it should be 
used immediately after preparation. However, when desirable it can be stored as froxen benzene 
solution; in this case, distillation before use is recormnended.31 

3. SIMPLE TRANSFOlkMA~ONS OF (R)- AND (S&lcHI&AL, c,-sYNTIioNs 

~3-~-Isopropy~d~e~y~~~hyde (1) is an important starting oompound for the preparation of 
many C,-synthons which are widely applied in organic synthesis as chiral building blocks. This section 
presents the methods for obtaining the most frequently used chiral C,-synthons and also shows 
examples of their application in the synthesis of various important organic compounds. Other ways of 
utilization of these chlral intermediates are listed in the Section 7. 

The key C3-synthons obtained from (R)-1, which in turn can be used as starting compounds for 
preparation of other chiral building blocks, are shown in Fig 2. Obviously, these compounds can be 
synthesized in the form of their mirror images, when starting from enantiomer (S)-1. 

Compound (RF1 was usually reduced to (S)-2,3-0-isopropylideneglycerol(16) with hydrogen, in 
the presence of a nickel catalystJ2 However, in recent years sodium borohydride was widely used for 
reduction of (R)-133 and (S)-1.19 Compound (Rt16 can be obtained not only from (S)-1 or from its 
precursors, but also from other natural sources, e.g. r.-serine.34 Enantiomers of glycerol acetonide (16) 
serve as key intermediates in the synthesis of an array of chiral building blocks, as shown in Fig. 2. 
Tosylate (R)-17 can be obtained by the procedure of Sowden and FiscberJ5 @toluenesulfochloride in 
pyridine),withmodificationsproposed byotherauthors.‘9~33*36~37Whenstarting~om(R)-17,oneean 
prepare both enantiomers of propylene epichlorohydrin (lg), also being an important Cj-synthon 
(Scheme 5). 

The synthetic scheme is relatively st~~~o~~~ however, several points require ~0~~~~. 
The reaction of 22 with one equivalent of triphenylphosphine in carbon tetrachloride- 
dimethylformamide gave a mixture containing 23 and triphenylphosphine oxide. The final step in the 
synthesis of (S)-18 required selective reversion of the ends of the t&e-carbon unit. This could be 
accomplished by first preparing (R)-glycidol 24 which was then used for the synthesis of 2S3* 
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Scheme 5. Reagents : (a) 1 N HCI, Me&O ; (b) PW,, CC14, DMF ; (c) Na, (CH,OH), ; (d) McONa, McOH ; 
(e) (i) M&l, Et,N. (ii) HC&_,. 

Compound (R)-18 could be readily obtained from 25 by treatment with base. The remaining propylene 
epihalogenohydrins can be obtained by the recently reported method of Kawakami et ~2.” (Scheme 6). 

1-0-Benxyl derivative of (S)-2,3-OGsopropylideneglycerol(l9) is the next important chiral Cj- 
synthon (Fig. 2); it could be obtained in good yield by the procedure of Baer and~Buchnea11*37*40 
(benxyl bromide, sodium hydroxide), mod&d by using phase-transfer cataly~ts.~~**~ In turn, the 
benxyl derivative (s)-19 could be converted into the analogue of trityl derivative 20,43 which is very 
usetid in the synthesis of unsaturated lipids (Scheme 7). 

The above present reaction scheme ealls for some comments. After hydrolysis, (w19 was protected 
by introduction of the carbonate ftmction, thus affording 31. The subsequent reaction steps: 
deprotection of the benxyl function, tritylation and removal of carbonate protection yielded the desired 
(R)-33. The latter-with opposite configuration- was obtained by another path, with (R)-34 as a 
starting material. Enantiomeric trityl derivatives of glycerol (33) were used for convenient preparation 
of unsaturated lipids43*u (Scheme 8). 

Saturated lipids can be obtained in a much simpler way by starting from benxyl derivative (S)-19, as 
shown in Scheme 9.42-*a 

Benxyl derivative (S)-19 was also used as a starting compound in the synthesis of diphosphines, 
applied as chiral ligands of rhodium catalysts for asymmetric hydrogenation4’*** (Scheme 10). 

(R)-l,2-Bis(diphenylphosphino)-3-(benxyloxy)propane (44) was obtained in W/, overall yield. The 
key step of the synthesis, i.e. nucleophilic displacement of the ptoluenesulfonate groups of 43 with 
diphenylphosphide anion, gave optically pure ligand (R)-44. Hydrogenolysis of 44, to obtain 
phosphine alcohol SO, under a varietyofconditions failed to a&d the expected product. Therefore, the 
synthesis of chiral1,2diphosphines 49 and 50 (with a reactive OH group) was performed in another 
way. Compound (S)-16 was converted into l-bcnxyl derivative 45 which in turn was hydrolyzed and 
tosylated to give 46. Since the benxoate group in 46 is unstable to nucleophiles, it was necessary to 
replace it before sodium diphenylphosphide treatment. Therefore, after hydrolysis, the resulting 47 was 
allowed to react directly with isobutylene to yield 48. The displacement reaction afforded diphosphine 
49 which treated with trifluoroacetic acid produced (R~1,2+liphenylphosphino)propan-3-01 (SO). 

(Rby-Benzyloxymethyl-y-butyrolactone derivatives, valuable intermediates in the synthesis of 
various optically active natural products including carbohydrates, terpenes and alkaloids, could also 
be prepared from (.!+1~1*4g~so (Scheme 11). 
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Sclwanc 7. Ra~cntx (a) phCH,x, NaOH, Bu,N+Br- ; (b) Ha. HIO, dioxane; (c) EtOCOIEf NaOH; 
(d) H, Pd/C; (e) (McO)TrCY; (f) KOH, HIO, MeOH; ce) PhSO,Cl; (II) KHCO,, DMSO. 

Scheme 8. Rcqpnts: (a)(i) NaH, (ii) CIIzl -OT& DMF; (b) HC& H,O. dioxaat. 

!khcrne 9. Reagents : (a)(i) 1 N H,SOI. Me&O, (ii) TsCl, pyridinc ; f.b) t-BuOK THF ; (4 (i) Me(CH3, tOH, 
NaH. DMF, (ii) Hp, Pd/C. 

The synthesis shown in Scheme 11 consisted of a two-step sequence starting from known epoxide 
41. The reaction of 41 with diethyl malonate in ethanol in the presence of sodium ethoxide furnished the 
a-carbethoxy-y-butyrolactone derivative 51 as a mixture bf epimers, which refluxed with magnesium 
chloride in wet dimethyl acetamide was smoothly decarboxylated to give (R)-y-benzyloxymethyl-y- 
butyrolactone (52). The y-butyrolactone derivative with the opposiic co&guration was obtained 
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Scheme 11. Nawats: (4 PhCH,Br, Et,CPqCH3N+Br-; (b) C&(COIEt), EtONa, EtOH; 
M&b * 6&O, MaNMe, ; (a) TKJI, pa ; &I Nti M+CO; (t) cH&O#t)l. NaH, DMF. 
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starting from tosylate @Q-l7 ’ aher its cmwetion into iodide 53. The reaction of iodide !!3 witb diethyl 
malonate in ~ethy~o~~de in the present of sodium hydride afforded alkylated product 54, 
which upon treatment with magnesium chloride furnished (s)~hy~ox~ethyl-y-butyrula (!FS), 
simubaneously with spontaneous loss of the ethoxycarbouyi and acetonide group. 

Epoxide 43 was also apphed as a sag compound to the highly s~o~~~ve synthesis of 
sy?z-l,3-poIyols,s2 

~O~e~~~ofapF~tio~ of~y~~dehy~derivativ~invoIvGpthes~~~ ofy-amino+ 
hydroxybuty~c acid, starting frem unnatural t-ate f~!+l?~* {Scheme 12). 

Tire ~pla~ent of the tosylate group in (Q-17 with cyanide to produce but~o~~le rsS, followed 
byhydrol_ysisandmtsyfation,gavej8which~~withpo~sj~~~anda#t~~~~o~ttof18- 
~u~-6~ord~~deS9ckanyaadingoact~e~d,I’EydrogtnationofS9~~~~d0w~~was 
hydroiyxed to produce (R)-y-~o_B-hydroxyb~tyric acid (61). Methylation of 6X under basic 
conditions tiorded (- )-carnitine 62 (vitamin B.J.$s Treatmeut of tosylate {S&l? with t-butylamine in 
dimethylsulfoxide produced the corresponding amine 63 which upon acidic hydrolysis finnished (R)- 
aminodiof 64, au intermediate in the synthesis of the inactive enantiomer ofimportant hypotensive j& 
adrenergic blockers. l7 The ~~~tiomer of 64 was used for F~~a~on of active (s)- 
~lox~ru~~o~~n~ 7*S+*ss An~th~ approach to the synthesis of ~y~oxy~o~o~~e~ based 
on (R)- or (S)-tosylate 17, is presented in Scheme 13. 

The (R)-enantiomer of tosyiate 17 was tr~sfQ~~ via ~lox~ropylene oxide 67ss*s6 into the 
inactive (R~n~tiomer of 68. s7~1 By application of the reaction sequence shown in Scheme 13 
~~sF~a~nt with aryfoxide, hydrolysis, tosylation, epoxide fo~ation and opening with an amiue) ta 
f!Q-tosylate 17, active ~~-~lox~ro~o~~~~~d be ~repared.“~ The alternative synthesis d @- 
adrenergic blockers of the type of 68 is possible when starting from propylene epi~~orohyd~ 
18 6z-64 . 

Tosylate 17 was successfully used for s~th~g the chiral2,~y~ox~r~~yl derivatives of 
purine and pyrymidine bases.6s It also found use in substitution reactions with carben nucleophiles,6ci 
as shown in !%heme 14. 
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Scheme 16. Reagenta: (a) (Bu,Sn),O tolucne; (b) Et.N+Br-, ClCH&H,Cl; (c) HgBr,. 

Tosylate (Rb17 reacted with pwthyllithiw stereoselectively to give dioxolane 69 in which the tosyl 
fun@ion was replaced by an a&y1 group. From 69, oxirane (S)-72 was obtained in high optical yield. 

w 21 is.a key synthon forthe symhesis of lecithins. 6’-70 It was conveniently obtained .by the 
path presented in-Scheme 15.67*68 

Phosphorylation of (s)-16 with phenylphosphonyl dichloride in the presence of quinoline, followed 
by estet%caticm of the reaction .product 73 with choline in the presence of pyridine, afforded 
isopropylidene-glycerphenyl-phosphoryl<holine chloride 74. Finally, the protective phenyl and 
acetonide groups were removed by hydrogenation and hydrolysis, respectively. 

2JXHsopropylideneglycerol(16)~serves~dso a8 a starting material for preparation of glycosyl 

dY=rides ;‘1-‘3 one of these applications is shown in Scheme 16.” 
In order to obtain the derivatives of l-O+o-glucopyranosyl-o-glycerol, the direct orthoester 

approach using tributyltin alkoxide was applied.” A stoichiometric mixture of 2,3,4,6-tetra-O-acetyl- 
~glucopyranosyl bromide 76 and (R)-2,3-O-isopropylidene-l-O+ributyltin)-glycerol 75 (readily 
prepared from (S)-16) in 1,2dichloroethane in the presence of added tetraethylammonium bromide 
gave wy exo-orthooster 77 in 87ok yie@ Subsequent treatment of 77 with mercuric 
bromide, without solvent, alforded the m 1,2-rruas-~glucoside 78 in 75% yield. 

Apart from the above-mentioned transformations, applications of 2,3-0-isopropylideneglycerol 
derived from both enantiomers of glyceraldehyde, via alkylation4- or acylation74 leading to 
m monoglycerides were reported. Preparations of s+glycerol-3-phosphates2*75 and chiral 
macrobicyclic polyethers76 also utilize 16 as a starting material. 
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I ~CUCOPHlIJC ADDITIONS AND BELATED REACIlt?NS 

4.1. Stereochemical model considerations 
Addition of nucleophilic agents to the carbonyl group is a very important reaction in organic 

chemistry.” When carbon nucleophiles are used, a new C-C bond and a hydroxyl group are 
simultaneously formed. In caseofthe formation of a secondary or a tertiary alcohol, a centre ofchirality 
is created on the carbon atom derived from the prochiral carbonyl group. Ditrerentiation of faces of the 
C=O group may occur under the following circumstances : lo influence of a chiral grouping present in 
the carbonyl compound, 2” addition of the nucleophilic chiral reagent, and 3” simultaneous action of 
both former factors. 

As concerns 2,3-0-isopropylideneglyceraldehyde (1) bearing a centre ofchirality in position a with 
respect to the formyl group, the circumstances referred to in 1” and 3” are possible. The majority of 
applications of 1 in organic synthesis takes advantage of its chirality for differentiation of the faces of the 
C=O group (cf 1”). This is consistent with the contemporary tendency for maximal utilization of the 
influence of centres of chirality present in starting compounds, when forming new ones.78 Reactions in 
which the stereochemical outcome is determined by interplay of factors (as defined in 3”) were studied 
less frequently (see aldol condensation). 

The relationship between the direction of addition of the nucleophilic reagent to the carbonyl 
group, and the reagent structure and reaction conditions continues to be an object of extensive studies. 
Attempts were made to rationalize the results by proposing various models of diastereoisomeric 
transition states describing substratonucleophile interactions.7es* Detailed discussion of the models 
proposed exceeds the range of this review ; it was presented exhaustively by other authors.’ However, 
we shall briefly corlsider two of them : Cram’s “cyclic” models0 and that of Cherest et aL8j as mod&d 
by Nguyen Trong Anh and Eisenstein. 8* These models are selected on account of their suihbility for an 
analysis of the reaction of (R)-1 with nucleophilic reagents. 

Cram’s “cyclic” model (Fig. 3) was proposed for cartxmyl compounds with an alkoxyl group in 
position a with respect to the aldehyde or ketone functionality. Themodel assumes coordination of the 
cationic fragment (X’) of the nucleophilic reagent by 0 atoms, fixing the periplanar conformation of 
the carbonyl compound. This permits two approaches of nucleophile(Nu) to the C=O plane : A and B, 
as indicated in Fig. 3. Approach A is more favoured, owing to weaker steric interactions between B 
nucleophile Nu and substituent S. Therefore, product C with syne5 relation of both oxygen-containing 
substituents ought to be the main component of the mixture of diastereoisomers formed. As a result of 
the less favoured approach B, the second diastereoisomer D (anti”) ought to be formed in a smaller 
amount.7 

Cherest et al.‘s model” neglects the coordinating action of X+ and stresses nonbonding 
interactions of approaching atoms. As a result, the alkoxyl group b&g a Iarge substituent (OR = L) is 
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assumed to be arranged perpendicularly to thecarbonyl group(Fig. 3). The nucleophile may attack the 
C==O bond in two moat favoured conformations denoted as projections E and F. Upon assumption of 
interactions between-Nu and S’or M, being analogous to those in Cram’s model, approach F as 
comparsdwitha~odrEispreSerradAsarcsult,productDofmrtirelatjono~ttobeformcdasthe 
predominantdi8sbs reoisomer. Therefore, both models assume different transition states leading to 
oppositediastereokomers as main products: isomer syn (Cl in the case of Cram’s “cyclic” model and 
isomer arni (D) in Cher&ct 4.‘~ modeL 

(R~2,3-o-Iso~~y~~e~y~~dehy& (1) dill” from simple a-alkoxycarbonyl compounds in 
that it contains a rigid dioxolane system. Ifcationcoordination plays an important role in anucleophile 
addition process it can beassumed that both heterocyclic oxygen atoms of (RF1 participatein fixation 
of the respective-conformation in the transition state. 

Figure 4 presents the models proposed for nucleophile addition to the formyl group of (R)-1,s6**’ 
Model F’ is a variant of Cherest et al.5 model, analogous to F ; it assumes formation of a mixture, with 
predominance of stereoisomer anti (D’). In the case of complexing interactions with the cationic 
fragment of the nucleophik (X’), three models of transition state A’, F” and F”’ were proposed (Fig 4) 
Model A’ is identical with Cram’s “cyclic” model A. Coordinating interactions involve only the oxygen 
atoms of the carbonyl group and of the a-alkoxy group ; it postulates preponderance of isomer syn(C’- 
analogue of C). Models F” and F’” assume the possible participation of the “&alkoxyl” oxygen atom in 
coordinating interactions with X+. In model F”, compkxation does not include the “a-alkoxyl” 0 
atom, and in model F”’ all three 0 atoms of (R)-1 interact with the cation. In both cases, the 
conformation of (R)-1 is very similar to that proposed in Cherest et aZ.‘s model F’. Consequently, the 
attack of the nucleophik from the least hindered face should yield product D’ with anti configuration. 
Comparison of the transition states A’, F” and F’” indicates that the conformation of(R)-1 may be fixed 
by interaction with X+ within a range limited, on the one hand, by A’ and, on the other, by F”. It is 
noteworthy that continuous transition from interactions 0,&X’ . . . . 0, (A’) through O;Z;;X’: : :& 
(F”‘) to 0,&X + . . . . 0, (F”) is possible. ** Another approach to the above-mentioned transition states 
is shown in Fig 5.s* 

It seems that model *F” represents the most favourable state energetically, owing to the presence 
of the pseudo-chair conformation of the six-membered ring of the chelate. As compared with model 
l F”, the energy of *F”’ ought to be higher on account of the pseudo-boat conformation, similarly 
as the energy of *A’ containing a rigid five-membered ring of chelate. Since models l F” and l F”’ 
lead to predominance of isomer anti, it can be assumed that in the reactions of 2,3-0- 
isopropylideneglyceraldehyde with nucleophiles, in which the cation may interact with 0 atoms of 1, 
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Scbemc 17. &agents: (a) (i) CH~Cbfglk~ THF, (ii) Ac,O; (b) (i) H~C~~CH~C~~~~~, (ii) H&; 
(c) 0,; (d) H’, H20; (e) H,, Pd/BaSO,; (I) NaBHe 

WaItoP reported that the reaction of vinylma~esi~ chloride with (IQ-1 afforded an isomeric 
mixture with predominance of the onti product ; the isomers separated at the stage of ally1 alcohol 84 
were transformed into erythrose 85 and threose (Scheme 18). 

Muk~y~a and co-workersgcp6 published several papers describing the use of various 
metalloorga~c compounds in reactions with {R)-f and (S&l ; the reaction pr~uc~ were usually 
converted to monosaccharides or their derivatives. Addition of a t~bromomethyi~ derivative 
generated in situ by treatment of (IQ-1 and carbon tetrabromide with tin(fl) fluoride in 
~ethyls~fo~de afforded a diastereoisomeric mixture with moderate selectivityg4 (Scheme 19). 

A mixture of acetate % and its syn isomer was transformed into a mixture of acetate derivatives of 
threono- and eryr~~~o-lactone; the latter 87 was isolated by distillation. The reaction of allyltin 
~~uoroi~idege~rat~ in sira, analogously as described in Scheme 19, afforded-after treatment with 
phenox~l chloride-a ~~t~~~e~c mixture of pnti ester 88 and its syn isomer. ~u~uently, 
the major isomer anti’88 was tran&rmed into lzdeoxyribose 89 in three stepsps (Scheme 20). 

The cadmoorgauic reagents obtained in situ from 2-allyloxybenzymidale (90) reacted with (IQ-1 
to give a mixture ,of regioisomers Pf and 92 in 89 : 11 ratio. 95 Major isomer 91 was converted into 
diaster~~ome~~ly pure epoxyvinyl ~rn~und 93, which in turn was in a few steps transformed into 
D-ribose 94 (Scheme 21). An identical Dacron sequence performed for @)-I yielded r.-ribose.q6 

The reaction of ~y~t~~ with(R)-1 was also studied by Suzuki et ~1.~’ ft was found that addition 
of Zn salt reversed the direction of induction, yielding in the case of ZnI, catalysis practically pure 
isomer anti 95 ; this ~rn~und was in four steps converted into D-ribulose % (Scheme 22). 

The reaction leading to 95 was also carried out by Dxiewiszek et aLq7 Compound 95 was 
transformed by a sequence of reactions, into a mixture of methyl giycosides. The minor a-anomer 97 
was converted in several steps into ~-~y~r~~-m~ohepto~ 98 (Scheme 23). 

Depezay and co-workers” studied the reaction of the lithium derivative of acroleiu diethylacetal99 
with (IQ-l, They obtained a mixture of separable products : 100 and its syn isomer in a7 : 3 ratio. Under 
controlled conditions of acidic hydrolysis, product 100 was transformed into 2-methyleneribose 101, 
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scheme 19. Reagents: (a) CBr, SnF2, DMSO; (b) Ac,O, pyridine; (c) AgNO,, H,O. 

OH 

88 - 89 - 

Scheme 20. Reagents: (a) (i) CH,=CHCH,L SnF, THF, DMF, (ii) PhOCH&OCl; (b) (i) NH40H, 
(ii) AcOH, (iii) O,, (iv) Me,S. 

I b 

HP OH 

22 SC 

Scheme 21. Reagents : (a) (i) BuLi, (ii) Cd12, THF; (b) NaH, TffF ; (c) BuOH, neutral Ai,Oa Et,0 ; (d)(i) 0,. 
(ii) Me#, (iii) SiO, chrom, (iv) Hz, PdjC. 
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Q + 

Scheme 23. Reagents : (a) ClCH,CO,H ; (b)(i) Br,. MeOH, (ii) H+, (ii) MeI, A&O ; (4 (4 Nabs Bi) 0%. 
(iii) H+. 
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Scheme 26. Reagents : (a) (i) allylboronate, light petroleum, (ii) tricthanolamine. 
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supply data concerning stereoselectivity or the newly created centre of chirality is eliminated in the 
further stages of synthesis. 

There are some interesting examples of nucleophilic addition to nitrogen analogues of (I+1. Ohgo 
et ~1.~‘~ found big differences in s@+mti selectivity between addition reactions of phenyilithium or 
phenylmagne-sium bromide with glyceraldimine derivatives 139 (Scheme 3 1). Moreover, carrying out 

Table 2 Influence of MgCl, additives on the stermchemicnl 
coufst of the reaction LIhowIl in scheme 29 

M&l, 

126 
Yield 
0 anti syn 135 

- 70 20 63 17 
14 64 71 23 6 
2cq 80 92 8 - 
5eq 66 76 24 - 
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Scheme 28. Rage& : (a) + e, CC14, CHCl, ; (b) + e. NH,NO,, MeOH ; (c) KOH, MeOH ; (d) NaH, MeI, 
THP; (e) KOH. E@H-; (f’) T&H, Ma,CO; (g) (i) NaI. Me&O, (ii) Ac20, pyridine; (h) +e. Cl,CCO,Me, 
Ct,CHCOpMe; (J) + e, NH&l, McOH ; Q CF,CO,H ; (l) McONa, MeOH ; (m) (i) KOH, H,O, dioram?, 

(ii) HCX H1O. 
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CC13C%Me %CIP (NMe213 CC12C02Me 

Scheme 29. Reagents: (a) HMPA, THF; (b) b&Cl,. 

J R 
>S=CH2 ,OMSO,RT 

)S=CH2, OMSO-THF, -13’C 

CH2N2. Et20, RT 

j3J 137 138 

7 3 0 

6 4 0 

52 5 43 

30. 

the reaction in ethyl ether, as compared with tetrahydrofkan, resulted in higher stereoselectivity, in 
contrast to the results obtained for (R)-1.25 

Addition of allylboronates 106 and 109 to oxime 142 obtained from (R)-1 resulted in predominance 
oftheantiisomer143;“2thedegrctofselectivitywassomewhatlowcrthaninthecastotthereactionof 
(R)-1 with 1Ml and 10!P”’ (!kheme 32). 
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Scheme 32. Reagents : (a) allylboronate, CC&. 

4.3. Aldol condensation and related reactions 
The renaissance of aIdol condensation, observed during the past decade, resulted from the 

developmentofnewmethodsoforganicsynthesis,enablingstereocontrolofthereacti~ncourse.“~~“* 
Application of this reaction in the total synthesis of natural products (e.g. “ansa chain” macrolides)’ ” 
opened new synthetic pathways. 

Typical directed aldol condensation involves addition of previously generated enolate I to 
carbonyl acceptor II, with formation of an intermediate, chelate HI, whose hydrolysis yields the final 
product, aldol IV (Fig. 6). When chiral aldehyde V is used, product VI with two newly formed centres of 
chirality (carbon atoms C-2 and C-3) is obtained. These centres originate in processes involving relative 
asymmetric induction (centre formation on C-3 with respect to the centre on C-4) and internal one 
(centre formation on C-2 with respect to the centre on C-3). Factors responsible for selectivity in the 
relative induction were discussed in Section 4.1. Parameters controlling the degree of internal induction 
comprise the geometry of starting eaolate (2 or E), size of substituent and reaction conditions (kinetic 
or thermodynamic control). These parameters were extensively studied by other authors,’ 13*114~116 
and thus we shall only mention the main ones. 

The principle of control of product stereochemistry is presented in Fig 7. Under conditions of 
kinetic control, differences occur between transition states IX and X or XI and XII, depending on the 
enolate participating in the reaction: isomer Z-W or E-VIII, respectively. As concerns Z-VII, 
transition state IX is favoured owing to a lack of pseudo-1,3-&axial interactions between substituents 
R and Rz, this leading to isomer syn-XV as the major product. Analogically, in the case of E-VIII, 

+ 
K,(R _ R:zR _ R:tR 

‘.+f 

II III 

OM 

I OR’ R, OR1 

+ R 
) R3& 23b R 

0 0 OH 

V VI 

Fig. 6. 
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Fig. 7. 

transition state XII is more favoured than X& predominantly yielding isomer anti-XVI. It is stressed 
that the sire of substituemt R, in the starting enolate is the main factor controlling the degree of internal 
induction. Bulky substituents (e.g. t-butyl, mesityl, trimethylsilyl) result in high stereoselectivity, 
whereas in the case of smaller substituents (e.g. ethyl, phenyl, methoxyl) the selectivity is lower or nil. 
Under conditions of thermodynamic control, the anti isomer is predominant, irrespective of the 
geometry of the starting enolate. This is due to the reversibility of the process of intermediates (XIII and 
XIV) formation, leading to the generation of the more favourable intermediate XIV, with substituents 
R and R, in equatoti,~s$ion+ Aldol type reactions with 2,3-0-isopropylideneglyceraldehyde (1) 
seem to be controlled by the factor d&ussed in this sectiou. 

Heathcock and co-workers extensively studied aldol condensation using both (IQ1 and (S)- 
1.11’-‘20 Carbonyl compounds applied as enolate precursors and the possible diastereoisomeric 
products are presentedin Fig. 8. The results of the reaction of(R)-1 with the above-mentioned carbonyl 
compounds are shown in Table 3.’ I7 

In the case of the em$ate precursor of type WI, the degree of selectivity is clearly differentiated. It is 
noteworthy that upon use of precursor 1450, anti-147a was almost exclusively formed. From enolate 
precursors of type 146, four diastereoisomeric products could be formed (14&, b, c and d). Product 
stereodistribution confirmed anti selectivity of 2,3-0-isopropylideneglyceraldehyde (1) and testified to 
the predominance of isomers with the syn relation between C-2 and C-3 (Fig. 6). For enolate precursors 
146a and 146b, internal induction was lW/,, with fairly.wgh relative induction. In contrast, in the case 
of Mc, relative induction was lOO%, and internal induction dropped to about 20%. For 1466, all four 
diastereoisomers occur ; in this case, the direction of internal induction was opposite, as it preferred 
generation of isomers 146 and 148d. 

To enhance stereoselectivity of aldol condensation, Heathcock and co-workers put forward and 
investigated the concept of double asymmetric induction;“**’ lg it involves the use of both carbonyl 
reagents in the optically active form. In these studies, apart from other aldehydes, (R)- and (S)-1 were 
used. In the reaction with enolate obtained from the hctoscderivative(l4!9), both relative and internal 
inductiongreatlyincreasedupontransitionfrom(R)-1 to(S)-l(Scheme33),inthecaseof(S)-1,virtually 
only isomer 152 was formed. Similar results were obtained for ketone 154, though the selectivity 
increased less than in the case of 146. 
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The reaction of racemic 1 with enolate 159 was characterized by absence of double 
stereodifferentiation. Likewise, the selectivity was not enhanced in thereaction of ketone 149 with (R)- 
and (s)-1, when the reaction was carried out in chiral solvents 169 and 161 (Fig. 9). 

Furthermore, Heathcock et aL’*’ reported that double racemic condensation of 1 with enolate 162 
afforded only one stereoisomer 163 (Scheme 34). 

Narasaka and Pai’*l used aldol condensation to prepare hydroxyketone 164 (Scheme 35). 
Reduction of 164 yielded diols 165 and 166, which after acidic hydrolysis were transformed into 
isomeric 3deoxyhexoses 167 and 168. These authors’*’ used their own, highly selective method for 
reduction of 1,3-dihydroxyketones, with trialkylboron as chelating agent. 

Table 3. Product distribution in aldol condensation of (R)-1 
with enolates derived from ketones 145 and 146 

product distribution 
Enolate 

pKCU%X 147a 147b 14ga 148b MC 148d 

145 
146a 
14S 
146b 
USC 

:z 
146d 

>95 <5 
85 0 15 0 

66 34 
ss 0 1s 0 

85 15 
6040 0 0 

66 34 
17 47 5 31 
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Scheme 35. Reqcnts: (a) Al(OWr),; (b) (if i-Bus& (ii) NaRH,; (c) H*, H#. 

M~~y~a et 01. t ia applied imine t69 as the cbiral enolate precursor ~~be~e 36), ob~~g a 
xnixtutr: of four d~ste~i~~~. &oum 174 or Z?2 p~~~t~ depending on the cu&~tion of 
the cbirality centre of starting imine 169, as shown in S&me 36. Opticaily pure aminoakoho~s 171 aad 
X72 were used for the preparation of sugar derivatives 173 and 174, 

A new xncthod for generation of boron molates, developed by Murakami and M&a&~ was 
ustxltucanyotltafdotco~tio~sviithf~~l .‘2”~r~l?3~~a~insitu~~amixtureof 
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Scheme 36. Reagents: (a) (i) n-BuMgCl, (ii) KDA, THF; (b) (i) TMSCl, (ii) Si02, (iii) 23.3, pyridin~ 
(iv) Na,CO,, MeOH, H,O; (c) (i) CF,C02H, (ii) Me&Pr)SiCl, Et,N, DMAP, (iii) DIBAL, (iv) AcOH, 

H,O, THF, (v) H,, Pd/C, (vi) Ac,O, pyridine. 

alcohols 174 and 175 as well as of their acetates 176 and 177 in a ratio of 53 : 4 : 39 : 4, respectively. After 
chromatographic separation, 174 and 176 were converted into 2deoxyribose 89 (Scheme 37). 

The same authors12* utilized ethoxyacetylene for the generation of enolate 178 which was 
condensed with (R)-1 to give epoxide 179 as a major isomer. Compound 179 was then transformed into 
protected 2-deoxy-2-aminoribose 182 in a seven-step reaction sequence (Scheme 38). 

Depexay et a1.12’ studied the reaction of the isonitriie derivative of giycine with (R)-1 (Scheme 39), 
yielding only two trans-oxaxolines 183 and 184. The mixture of isomers was hydrolyzed and separated 
into respective formamides which were then converted to lactones 185 and 186, and to their 
diastereoisomers 187 and 188. 

Hoppe and Schollkopf’ 26 investigated the same reaction; the selectivity of isomer 183 formation 
was higher (4: l), when enolate was generated using butyhithium in tetrahydrofuran at -78”. 
Moreover, the reaction of both (R)- and (S)-1 with the lithium derivative of piperazine (189) was 
investigated (Scheme 40). 12’ In the reaction with (R)-1, there was no selectivity in the formation of the 
chiral centre on the carbon atom bonded with the hydroxyl group, whereas the second centre was 
formed with 100% selectivity. Upon use of (S)-1, diastereoisomer 191 accounting for 800/, of the 
resulting mixture was obtained.12’ 

Okamotoandco-workers128uSedcopperderivative192inthereactionwith(R)-l(Scheme41).Asa 
result of this reaction, isomer 193 was predominantly formed ; it was then transformed into 2-amino-2- 
deoxyxylonic acid 194. 

EtO-CSH + Ph2BOH 

HO 
1” 

0 

ti 

OH 

OH 

u 

!khcmc 37. Reagents: (a) Hg(OAc)2; (b) THF; (c)(i) CF,CO,H, (ii) hexylborane, (iii) MeONa 
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Scheme 38. Reagents : (4 pyridine N-oxide, HgCl,, Zn, THF ; fb) (i) H,O, (ii) EtOLi, EtOH ; (c) (i) LiOH, 
EtOH, H,O, (ii) NH, aq; (d) (i) ZCl, NaHCO,, (ii) CF,C&H, H1O; (e) (i) Me&Pr)SiCl, Et,N, DMAP, 

(ii) DIBAL, (iii) AcOH. 
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Scheme 39. Reagents: (a) NaCN, EtOH ; (b) (i) EtOH, H20, (ii) HCI, H,O. 
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scheme 40 
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!Wmne 41. Reagents : (a) (i) H,O, pH 9.5, (ii) H,S; (5) h+erlite IR 120B (I%‘). 

David and co-workerP9 performed Ramirez condensation, using dioxaphosphole 1% and (I+1 
(Scheme 42). As the only isomer, 1% was ob~~d~n~ into a mixture o&m&r derivatives 
19W99: Sm&ir dns were carried opt with tbe@ez~yl and tetraxmhyI& Wgue of 
diOTUp~S#‘f9 

BaneOt~~~~rs”O~~out~~af~Ilb~frosn~~~~e~to 

(R)4 @&tm+).; the r#ruiting.product.m WWJ tf!adbw into ~4actam a& 
~Mxs&rm ad C&chdowskP investigami the n&c&m df@~l w&b anion Xk3~ti kcnn the 

respective j34actone; product 2Q4 was obtained as virtually the on& st.ereoisom&(sB#irw 44). 
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Scheme 45. 

Kajieta1.13’ reported the formation of two trans-isoxazoline N-oxides 205 in the reaction of methyl 
nitroacetate with (R&l, in the presence of diethylamine (Scheme 45). 

Many other reported reactions of the aldol condensation type, involving 2,3-O-isopropylidene- 
glyceraldehyde (l), are not discussed here, because (1) the stereochemical course of reaction was not 
determined, (2) the reaction yielded a racemic mixture and (3) the newly formed centre of chirality 
was destroyed at s&sequent stages.133-13s 

5. PERICYCLX REACI’IONS 

5.1. Diel+Alder cycloaddition mid related reactions 
Of the pericyclic reactions, (4 + 2) cycloaddition is used most often in organic synthesis. Owing to 

the multitude of dienes and dienophiles, it is possible to obtain variously functionalized.adducts- 
starting compounds for the synthesesofmany important natural products.‘36 Heterodiene synthesis of 
1-methoxybuta-1,3tdiene (206) with activated carbonyl compounds (e.g. butyl glyoxylate 207a) as 
dienophiles, yiekkd derivatives of 5,6dihydro-ZH-pyran: cis-XBa and t~~-209a, in the form of 
racemic mixtures13’ (Scheme 46). 
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In the case of nonactivated dienophiles, heterodiene synthesis fails to proceed under thermal 
conditions, even with as reactive a diene as 206. However, the use of a high-pressure technique enables 
this reaction to be carried out. The Die&Alder reaction exhibits a negative volume of activation AY’, 
i.e. the volume oaupied by the transition state is smaller than that occupied by the reactants, and 
consequently the reaction is strongly pressure accelerated.‘38 In the reaction of diene 206 with 
benzaldehyde (207b), carried out under 19.5 kbar pressure at 50” for 5 hr, a mixture of racemic adducts 
cis-20!& and trans-2Q9b was obtained in 800’ yield (Scheme 46) ; under high-pressure conditions, endo- 
addition yielding the &-isomer was strongly preferred. 13’ The high-pressure approach to heterodiene 
synthesis offers a very convenient and efficient method for the preparation of various substituted 
derivatives of S,~hydro-2H-pan, not readily-if at all-ob~nable by other procedures. Diels- 
Alder reactions exemplified in Scheme 46 were applied in total syntheses of mono~~h~des,13’ 
biologically active 1actoneP’ and other natural products.‘36*14i 

The use of chiral afdehydes, particularly of 2,3-O-isopropylidenegiyceraidebyde (r), opens up a 
wide range of new possibilities to carry out stereocontrolled transformations leading to optically active 
compounds.i42~i43 Cycloaddition of (R)-1 to diene 206 gives rise to chiral cycloadducts (Scheme 47). 
When the reaction was carried out under high-pressure conditions four diastereoisomeric adducts were 
formed : two cti diastereoisomers (210 and 212), by endo addition, and two DWIS diastereoisomers 
(211 and 213) by exo addition, in the proportion of 66: 16: 13 : 5, respectivelyi43 (Scheme 47). 

The direction of asymmetric induction was determined by chemical correlation of the (210 + 211) 
mixture with 217 which has a known absolutecox@uration (having been correlated with natural sugap 

219). This correlation’43 is presented in Scheme 48. 
High-pressure conditions enabled this cycload~tion, which could not be performed under 
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Scheme 47. R-gents : (a) diethyl ether, 22 kbar, SO”. 
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scheme 48. Rcngents: (a) Hz, pt ; (b) 1% HCI, MeOH ; (c) NaIO+; (d) I.&M,. 
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Table 4. Influence of pressure on asymmetric induction in the cycloaddition of (R)-1 to 2M 

Dia8tcrcoisomeric 
composition (“A) 

Entry Solventt (klk) (: Fz 210 211 
ds : tram ratio de. (endo) d-e. (exe) 

212 213 (210+212):(211+213) . VJ (“/.) 

1 A 14.5 50 42 63.0 15.5 15.0 6.5 
2 A 18.0 50 74 65.0 15.0 14.0 6.0 
3 A 20.0 25 15 69.0 15.0 120 4.0 
4 A 20.0 50 75 65.5 14.5 14.5 5.5 

: 2 22.0 220 25 50 80 18 71.5 66.0 14.5 16.0 10.5 13.0 3.5 5.0 
7 B 14.5 50 40 61.5 16.0 15.5 7.0 

! B B 20.0 20.0 25 50 71 11 66.0 74.0 13.0 14.5 10.0 14.0 3.0 5.5 
10 B 220 50 73 67.5 14.0 13.5 5.0 
11 C 14.5 50 58 55.0 18.0 18.0 9.0 
12 c 20.0 25 20 64.0 16.0 14.0 6.0 
13 : 20.0 50 79 59.5 16.5 16.5 7.5 
14 220 25 21 68.5 13.5 13.5 4.5 
15 c 22.0 50 86 64.0 15.0 15.0 6.0 

78:22 61.5 40.9 
79:21 64.6 42.9 
81: 19 70.4 51.9 
80:20 63.8 45.0 
82:18 74.4 61.1 
19:21 67.1 524 
77:23 59.1 39.1 
84: 16 76.2 625 
80:20 65.0 45.0 
81:19 66.7 47.4 
73~27 50.7 33.3 
78:22 64.1 45.5 
76~24 56.6 37.5 
82:18 67.1 5aB 
79:21 620 429 

t A, ethyl ether ; B, toluene-benzene (7 : 3) ; C, methylene chloride. 

atmospheric pressure, tc be carried out in high yield ; moreover, the effect of pressure on asymmetric 
induction was perceptible (Table 4).rU 

Analysis of Felkin’s stereochemical model 83 of the reaction between diene 2@6 and (R)-1 fully 
confirmed the results presented abover4’ (Fig 10). 

In the course of high-pressure studies of the Diels-Alder reaction with furan derivatives146 it 
was found that the reaction of 2,5-dimethylfuran (220) with butyl glyoxylate (207a) is inconsistant 
with a (4 + 2) cycloaddition pathway. r4’ The reaction of 220with 207a under high-pressure conditions 
afforded only product 222 instead of the expected cycloadduct 221 (Scheme 49). The structure of 
222 and preliminary mechanistic studies suggested that the high-pressure reaction of 220 with 207a 
is an ene type reaction.14’ 

The course of asymmetric induction in this new reaction was investigated using (R)-1 as a chiral 
carbonyl compound. 14* The reaction of (R)-1 with 220 under high-pressure conditions gave the 
expected product 223 as a mixture of diastereoisomers in a 4 : 1 ratio (Scheme 50). The protection of the 
hydroxyl group of 223 with benzyl bromide alforded separable diastereoisomeric benxyl ethers 224 and 
225. 

The direction of asymmetric induction in the high-pressure reaction of(R)-1 with 220 was studied by 
chemical correlation. The way adopted, which can equally serve as a method for the synthesis of 
2deoxypentitols, is represented in Scheme 5 1. 

The sequence of reactions started from the major isomer, optically pure 224. Furan ring opening in 

OMe 0 ‘i- cb &. 
HH 

Fig 10. 

(exe) 271 - 
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’ 220 2070 Me-&H2CHC02B” 
0 
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Scheme 49. Reactions : (a) CH,Cl,, 8 kbar, RT. 

MeJQ-Me + 

225 a 

Scheme 50. Reagents: (a) CHIcI,, 20 kbar, 55”; (b) PhCH,Br, NaH, THF, DMF. 
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S&me 51. Reagcpts : (a) PCC+,AcONa, CH,Cl, : (b) DIBAL ; (c) (i) OsOl-NATO., aq dioxam, (ii) NaBI% ; 
(d) H,. Pd’C; (cl Ac,O. pyridioe. 

order to give endione 226 was e&ted with pyridinium chlorochromate. DIBAL reduction gave diol 
227 which was directly subjected to osmium tetroxide-sodium periodate reaction followed by sodium 
borohydride reduction. The 3-benzyloxy4,5-O-isopropylidene derivative of 2deoxy-o-ribitol(228) 
thus obtained was debenxylated by catalytic hydrogenation to give diol 229. Acetylation of 229 
afforded the 1,3-diacetoxy-4,5-O-isopropylidene derivative of 2deoxy-o-ribitol (Uo) of known, 
absolute configuration and specific rotation.‘48 

Thereactionofhighly“nucleophilicnderivativesofbuta-1,3-diene,for exampleof(el-methoxy3- 
((trimethylsilyl)oxy)-buta-1,3diene (231), with aldehydes were intensively studied by Danishefsky’49 
(Scheme 52). He found that Leti acids, e.g. zinc chloride or boron trifluoride, promote 
“cyclocondensation” with a broad speetnm of aldehydes (e.g. 207b) under mild conditions, affording 
dihydropyrones (e.g. 232). lso Moreover, application-as reaction catalysts-of rare-earth cations 
suitably complexed with solubilixing ligands (e.g. Eu(fod,) permitted an efficient course of reaction 
under even milder conditions. l s l 
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MegSiO 

+ HLPL yi?qPhj_OyJPh 

OMe - 

231 232 

Scheme 52. Reagents: (a) ZnCl,. benzene. 

MegSiO 

Scheme 53. Reagents: (a) ZnC&, benzene. 

AcO,, 
ot 

c 
CH20H 

z 

di-Pr ii-Pr 

222 Lx 

Scheme 54. Reagents : (a)(i) Oa, (ii) H,O,, NaOH. (iii) Ac,O, pyridine ; (b) (i) i-PrOH, h&CO, 4 A molecular 
sieves, (ii) L-selectride, THF, (iii) Ac,O, pyridine; (c) (i) AcOH, H,O, (ii) NaIO,, (iii) NaBH,. 

The reaction of (R)-1 with diene 231, in the presence of anhydrous zinc chloride, afforded 
dihydropyrone derivative 233 in 72% yield I’2 (Scheme 53). Likewise, an analogous reaction of (S)-1 
gave rise to enantiomer of 233. 

The SS configuration of 233 follows from its correlation with 2deoxyribonolactone (Scheme 54). 
This was accomplished by ozonolysis followed by oxidative fragmentation of the dihydropyrane ring. 
Acetylation of synthetic 2deoxyribonolactone afforded 234 which was identical with the authentic 
material prepared from 2deoxyribose (Ss). In Scheme 54 the convertibility of 233 to the optically pure 
2,~dideoxy-D-glucos derivative 236 is also demonstrated. l 52 

Analysis of the classical Cram rule formulation indicates that @)-I should give rise to (5S, 6R)- 
heptulose 233. Alternatively, according to a chelation model wherein X+ imposes a syn relationship 
between the formyl and two neighbouring oxygen functions, (5R, 6R)-heptulose would be expectedis 
(Fig. 11). 

6s. 6Rl-233 

Fig. 11. 
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NHAc 

3 2Cf 

Scheme 55. Reagents: (a) PhNCO, Et,N; (b) LiAlH*; (c) 6 N HCI; (d) (i) Ac,O, OH-, (ii) MeOH, BF,, (iii) 
Ac,O, DMAP. 

A2-Isoxazol&s, jxepard by the cycloaddition of a nitrile oxide to an alkane, are now widely used 
in ~ynthesis.“~ There are two approaches to the preparation of chiral A2-iso~lines : (1) the addition 
of an achirril nitrile oxide to a cbiral akene, and (2) the addition of a chiral nitrilc oxide to an achiral 
alkene. Nitrile oxides are usually generated in situ by dehydration of the corresponding nitro 
compo*d’s* or by dehydr~~o~tion of a c~or~~do~e.lss 

The first approaCh was used by Jiiger and Schohe*s6 in the synthesis of an amino sugar, I)- 
lividosamiite (242), as shown in Scheme 55. 

The cycloadtition of nitrile ox@ 238, generated in situ from the corresponding nitroacetaldehyde 
acetal, to chiral .oleCn 237, prepared from (I&&3-0-isopropylideneglyceraldehyde (1) by the Witiig 
procedure,‘s7 afforded the uxti koxaxoline Tin 58% yield. Lithiuni &minium hydride reduction 
proceeded eth 4: 1 selectkity to give %I& which tier hydrolysis fur&M salt 241. Thti latter was 
transformed in a three+tep &&n&‘mto a derivative of n-lividosamine 242. 

The’same chiral oletm 2Ws7 
deoxyribosk @9)’ so (Scheme 56). 

was applied by ‘Kozikowski and Ghosh in the synthesis of 2- 

Ole6n 237 was reacted with (carboethoxy)formonitrile oxide (243)15g to a&d an 8 : 2 mixture of 
diastereoisomeric cycloadducts 244 and 245. Tbe major isomer 244 was heated with sodium hydroxide, 
then acidified and finally treated with diaxomethane, yielding 246. Trifiuoroacetic acid treatment 
followed by bis(3-methyl-2-butyl)borane reduction of intermediate lactonegave 2deoxy-D-ribose(89). 

The second approach was successfully utilized by Koxikowski et al.16’ (Scheme 57). Nitrile oxide 
248 was generated in situ by treatment of 247 (obtained from (Rbl) with phenyl isocyanate and 
triethylamine and then trapped in good yield by an appropriate olefin. 

Resulting isoxaxoline 249 was ‘applied in the synthesis of chiral /?-hydroxyacids.r6’ Similar 
inv~tigations, using chiral nitrile oxide 248, were also carried out by Jones et uL161 

C02Et 

PA- t 
=&,o + tb ~E’o$ 

de 
+ Em.$~ 

N-O N-8 
237 243 .&!i &J 

Jg ix? 
Scheme 56. Reagents: (a) Et20; (b) (i) 10% NaOH, BtOH, (ii) H*, (iii) CH,Nt; (c) CF&%H, HzO; (d) 

thexyiborak. THF. 
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OMe OMe 

Scheme 57. Rtwcnts: (a1 (iI MeNOI, KF, (ii) cydohexm-l-o1 methyl ether; (b) PhNCO, Et,N; 
(c) R1R%kCHR3. 

6. MTITIG TYPE REACJ’IONS 

The carbonyl group of ~3-~so~opy~dene~y~r~dehyde (1) not only participates in reactions 
leading to formation of a new chiral oentre, but it also may be transformed into another functionality. 
This s&ion gives 8 disoussion on the Wittig reactioP2 permitting introduction of c’----c bond to 
replace the formyl group’of 1; the pckssiiilities of stcreoseleotive functionalixation of this newly formed 
double bond are also presented. 

The me&&m of the Wittig reaction remains still unclear and thus factors governing Z/E 
selectivity are not well known .163 Ncvertheicsq some conclusions eonckning the effect of the type of 
Wittig reagent and of the reaction conditions on Z/E selectivity were reached. Namcly,it is known that 
apptieation of stabilixed or~ophospho~ ~rn~un~ in non-polar solvents yields products with the 
E-eonfiguratior+ whereas in alcohol-type solvents isomer 2 predominates. In the ease of a non- 
stabilixed Wittig reagent, there is.usually predominance of the Z-isomer. 

la 2,3-O-isopropylideneglyceraldkhyde (l), the chiral cgtre of the dioxolane ring seems to play no 
part in the stereochemistry ofthe reaction. The E/Z ratio mainly depends on the nature of the ylide and 
on the reaction conditions. The first reaction of 1 with 8 stabilixed Wlttig reagent was reported in 
1962,16* without, however, determination of the i?/Z ratio. Examples of reaotions of I with various 
stabilized Wittig reagents, generally leading to predominance ofisomcr E, arc preseuted in Sehemc 58. 

Ph3P=CHCOR + 

1X1R 
H 

Me 
OM@ 

:: 
fRO~P=C~O2Et 

BR 
Et 
i-Pr 

Ph3P=CHC02R + 

Et RT 3 ‘W 1 
Me 0% 8 : , 1681 
Me RT 7 : , 1691 

!TctKans 58. 



Ph3P=CHCHfOEt)Z + 

The use of I3estman.n reagent 230 (R = Ii)’ ‘to afforded very bigb booty ; pm&c% 2% (R = ,H) 
ou~d~~o~byo~~~~~ P2,ltiU~gthe~o~r-~m~~onoftheW?ttig 
reactioa, v&u&y only isomer E is fbrmed @heme 58). Exc&lent &&v&y was obtained upon 
application of F~~ph~na~ ester with ~e~~~ropyl group ?52 (R = i-Pr).“6s*172 The reaction of 
s~~~wittig~~~~~~~s to~a~e~~~tme~for~on ofZ+x$- 
unsaturated estez~~~~~ though th&elect&ity is not very higb@cheme 58). The use of&stmatm reagrcnt 
256’ ‘O a&&d much better select&i@-(S&me 59) ; rtxmion product 257 could be transformed into 
~~-u~t~a~ akiehyde Z-ZS? by acidic hydrotysis.16s 

Stereospecific synthesis of 2-4~un~t~rat~ ester 260 was a$so reported by Minami et ut,f6g 
(Scheme 59b 

In the reaction with non-stabilized Wittig reagents,173-17s (S)-1 yielded either exclusively or 
predominantly the Z-isomer. Scheme 60 presents the first and second step of the synthesis of 
le~ot~~e LTA,+ by Rokach et uL”~ (see Section 7), during which the selectively form& Z-double 
bond in 262 was phot~h~~y isomeriti to give compound E-253. 

Wit~gr~~entsofty~ ~,appIiedinreactio~with(R)-1 afforded respactiveole~a~~~~‘~~~~~~~~ 
(Scheme 61). 

Anion 255 generated from the corresponding phosphonate by treatment with lithium or potassium 
hexamethyldisila, was reacted with (IQ-1 to give protected en01 carbonate 267, The latter was 
transformed into a-ketoester 268*‘* (Scheme 62). 

~~-U~~turat~ phosphonates’7p and their Auorine derivativesis were also obtained using the 
~o~er-E~ons mod&ation. Wittig type reactions of ~~-~-iso~opy~de~e~y~~dehyde (1) for 
which no selectivity data are avaiiable will not be discussed in this report,i31-183 



fi PTCeoC + 
bleC?)Z P-C-CO2Me 

e 

&6 

Scheme 62 Rcagcm : (a) Zn, E&O; (h) (i) Zn, TMW, THF, (ii) H+. 

Certain compounds obtainable by Wittig reaction could aIso be prepared by the Knoevenagel- 
Doebner method31~t8* @&eme 63). 

The products of Wittig reaction with (R)-1 were utilized by K.&&i and #-wurk~s168~~8~ and by 
Sharpless and co-workers 16s*186-i88 for the synthesis of polyhydroxy open-chain chiral compounds. 
These authars investigated asymmetric epoxidation tag of the allylie double bond in 271 and 272, 
obtained from the respective q&unsaturated carlxmyl compounds by reduction with DIBAL or 
sodium borohydride (Scheme 64). 

~e~w~vrryhigh~~vityinfotmationofepoxides273ruKi274hromEolefim271f> 20: 1)and 
of~~e~5~om~~272~~12: l);inthelattercase,the~~ouw~veryslow655%yiefdafter2 
weeks). Epoxidation of 272 with the use of (-)&ethyl tartrate atlso proceeded very slowly and 
furnished the diastereoisomerie mixture (275 + 276) in a 3 : 2 ratio. W%en m-chloroperbenxoic acid was 
applied in this epoxidatiou, the diastereoisomeric mixture (275 + 276) in a 1.0 : 1.1 ratio was formed. 

Various transformations of epoxides 273-276 were carried out ; they are presented in scheme 65 
being exemplified by 273 as starting material. 



OH 
& . 

479 

Scheme 6% Rmgmts: (a) PhSH, NaOH; (k) (i) Mc2C(OM&, H+, (ii) mCPBA, (iii) Ac,O, AcONa; 
(c) DIBAL; (d) K&OS, ?&OH; (c) NaOH ; (f) BnOCOt3, pyridine; (a) UC& ; (a) BnNCO, (i-Pr),EtN ; 

(j) t-BuOK ; (k) Red-Al. 

Pqne l-t%trrang~mnt tgo stereos~ty afkr&ti dial 277 whkh could be &ansformed either 
into D-&X derivative 278 or-via epimerization of the centre in position Q with respect to the 
carbonyl group-into D-arabinose derivative 279. The reaction sequence transformiug (R)-1 into 278 
and 279 or into either one of the two remaining diastereoisomeric pentoses represents a method 
for reiterative two-carbon chain extension to be used in the synthesis of sugars and related 
compounds. fbS*l E’*‘38 AppIication-of the hydroxyl ion in Payne rearrangementyieldedtriol28lBwith 
high sekctivity (15 : 1). Protected pen&d 282 and amino compound 284 could in turn be obtained by 
intramolecular opening by theepoxide ring, starting from carbonate 281 or urethane=. By reduction 
of epoxide 273,1,34iol285 and probably l,%diol286 could be prepared selectively.‘6* 

Moreover, &dies were &a& of cis-hydroxyiation of the doubk bond in 2#7 and 290, using 
stoichiometric(S)and~~~~~ountsofosmium tetraoxihe.1qX-*g3ThCiegUrtsshowninSchemc 
66 inditite that seia&vity varied from moderate to high. Olefm 2, as cdmpared with oiefin E, 
etiM&‘~m SctectiG~. 

Other types ~f%mcti&&izatioa of the double bond formed by Wittig reaction are recorded in 
Scheme 67. 
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287 288 &? 

R 

H S 3.3 : 1.0 
C 3.0 : 1.0 

COMa s 6.2 : 1.0 
C 4.0 : 1.0 

Siph2t-Bu S 3 3 : 1.0 
C 3.1 : 1.0 

ii% 291 292 

R 

H S 6.3 : 1.0 
C 6.0 : 1 0 

COMe S 6.3 1.0 
C 6 1 .1.0 

Wh2t-l3u S 8.0 : 1.0 
C 7.2 : 1.0 

Scheme 66. 
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Scheme 67. Raagcnta: (a) Ph,P+CHMeiBr- ;*03 (b) BuNH,;‘~~ (c} McC(OMC)~, EtC0,H.‘67 

two instances usually involve relatively short, few-stage reaction sequences; most of these sequences 
were earlier mentioned In the third case, longer reaction sequences are usually m. The centre of 
chirality of f. is utilized for : (1) stereocontrolled generation of a new centre of chirality constituting part 
of the chiral moiety of the final molecule, and (2) its introduction into the tinal molecule. From among 
the total syntheses reported, examples illustrating both above-mentioned applications of 1 are 
described in this section. 

(~)-~3-O-Isopropy~dene~y~r~dehyde (1) was applied in the first synthesis of optically pure ( + )- 
brefeldin A performed by Kitahara et a1.1g4 (Scheme 68). 

Iodide 53 prepared from (IQ-1 was subjected to a sequence of reactions leading to lactone 2%. The 
new centre of chirality, formed at this stage was, however, generated with modcrate selectivity (64: 36). 
The major isomer 2% was converted into monopr~~ted diol297, and then into tosylate 298, using 
typical reactions. The key step of the synthesis, i.e. cyclizatiou, atforded a cycloptntanc system, with 
marked predominance of isomer trans-299 (92 : 8). Compound 299 was transformed into acetylene 
derivative 300 which in the reaction with an appropriate iodide yielded 301 containing all essential 
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scheme 68. Reagents: (a)(i) NaCH(COIEt),(ii) NaOH, MeOH; H,O, (ii) 2 N H2SOe (ii) HCHO aq, EtsNH, 
EtOH,(v)Msf, THF,(vii’NaCN, DMF,(vii) EtOCH*H, PPTWb)(f)DIBAL, (ii) wSp=cH&ME i(C) 
(i)MEMCI,(ii)AcOH,H,O,(iii)TsQ,pyridinc;(d)NaNCfUS)~bmrme;(e)(i)NaOH.(ii)CW~N~,(iiif~ 
(iv) BuCl, NaH,(v) pyridine * HBr,, CHCl,(vi) fiaNHI ; (f) BuLi, ICH,(CH,)~CH(OSit-BuMt,)Me, HMPA, 
THF; ,(g) (i) Na, NH,, (ii) PCC, AcONa; (h) (i) OJWH&H&O,MC, (i-R)$Ji% DMSO. (ii) pyrrotidtne, 

HMPA, (iii) ZH-pyrau; fj) Corey’s route.‘*’ 

centres of chirality. Compound 303 was obtained as an epimeric mixture which via the previously 
reported pathway was converted into final compound 304. 

The synthesis of the tetracyclic fragment of ikarugomycin175 is presented in Scheme 63. 
Wittig reaction of (R)-1 afforded virtually pure Z-olefin 305 which was then transformed into 

propionate 306. Ireland reaction yielded ester 3w with good selectivity,(!34: 16); after its chain 
extension by one carbon atom, it was converted into aldehyde 308 which by Homer-Emmons reaction 
selectively furnished E-s&unsaturated ester 30!8. Compound 310 was obtained from 309 by Wittig 
reaction with reagent 313, in the form of a mixture of E,E- and E&isomers which was then isomer&d 
using iodine to give the pure E&isomer. Thus a system of three double bonds with stereochemistry 
corresponding to intramolecular Diels-Alder cycloaddition was obtained. This reaction proceeding 

- - 

Scht+ttc 69. R&gents: (a) (if 1 H HU, (ii) T3bkW.X. Et& DMAP, (iii) EtCOCl, pytidina; (b) (i) LDA, (ii) 
~S~(~~~~CH,N,;(~)~~)DIB~(~TIC/.W~~~~&~,F~~~)KCN,(~~)D~AL.(V)A~OH~,~~X~O;(~)(~) 
(Et0)2PfO)CH,C0,Et, NaH, (ii) ACOR. HjO, THP.+ii)?XX; (a)(i) IS, (ii) 1,; Q BWT; (g) fl),DiBAL. 

(ii) 0.5 N HCl, TRF, (iii) TSCI, pyridim, (iv) t-BuOK. 
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C02H L +q 
0 -02Me L H+o-r’ 

0 
263 31.4 - 315 

-2Me “,dCO$de 

317 - 316 

Scheme 70. Reagents : (a) (i) CH2N2, (ii) m-CPBA, CH,CI, ; (b) NaIO,, A&H, H20; (c) Ph,P-CHCHO, 
benzene; (d) Ph,P+(CH2),CH=CH(CH,),Me. 

with formation offour new centres ofchirality afforded 311 with high selectivity (5 : 1). Final compound 
312 was then prepared using a four-step reaction sequence. 

Rokach et a1.174 reported a synthesis of Leukotriene LTA,, starting from (.5)-l (Scheme 70). 
Preparation of unsaturated acid 263 was described in Section 6 (Scheme 60). Epoxidation of the E- 

double bond in 263, using mchloroperbenxoic acid led to product 314 with fairly low selectivity (2 : 1). 
However, diastereoisomeric epoxides could be resolved using conventional chromatographic 
techniques. Hydrolysis with simultaneous diol cleavage afforded aldehyde 315 which subjected to 
Wittig reaction sequences gave 6nal product 317. 

Stork and Takahashilg6 published the synthesis of prostaglandin PGEr, starting from (R)-1 
(Scheme 71). 

Condensation of (Q-1 with an anion generated from methyl oleate yielded a diastereoisomeric 
mixture whose composition was not analyzed, because both chirality centres created in this step were 
destroyed in the subsequent reactions. After protection of the hydroxyl group of the condensation 
product, 318 was obtained and transformed into lactone 319 in two steps. Subsequently protected 
cyanohydrine 320 was obtained and then cyclixed ; product 321 was converted into cyclopentenone 323 
via deprotection of the hydroxyl groups, oxidation of side-chain and elimination reaction. Compound 

322 323 3ic - - - 
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329 - - 

OMB =-cy 0th 
OMe 

PHTH - 4- 0 

Scheme 72 Reagents: (a) DMBNHz; (b) PHTH4X~COCl, Et,N. CHpC&; (c) NH,NH&k, C&Cl, ; 
(d) (i) PhCH,OCOCl, butylcnc oxide, (ii) TwOH, THF, H20, (iii) NaIO,, MeOH. 

323 was then reacted with raoemic cuprate 324 to give-as a result of kinetic competition-only one 
diastereoisomer 325 which was transformed into PGE1(326). 

Optically pure /?-lactam systems could be prepared by a few methods using (R)-1 as starting 
material.130~‘67*‘g’ One of them, lg7 shown in Scheme 72, involved the reaction of imine 327 with the 
acid chloride derivative of phthalimide, and it enables direct closing of the /I-la&am ring ; product 328 
was converted into amine 329, and then into aldehyde 330. 

A few further examples illustrate the use of 2,3-O-isopropy~denegly~r~dehyde (1) for pre- 
paration of compounds with only one centre of chirality, with the same configuration as that of the 
starting aldehyde. Corey and Kang’s”’ synthesis of 1 l-(R)-HETE is presented in Scheme 73. 

a&Unsaturated aldehyde 80 was synthesized from (R)-1 via an acetylenic intermediate, and it was 
subjected to a Wittig reaction to yield E,Z-diene 331; the latter after epoxide formation and selective 
ring opening in the terminal position furnished 332. This product was reacted with an appropriate 
allene bromide to give l+diyne unit 333; triple bonds were hydrogenated to Z,Z-l&diene in the 
presence of Lindlar catalyst. Two subsequent standard reactions atforded final tetraene 334. 

Scheme 74 shows the synthesis of a well-known pheromone, ipsdieno1.‘76*‘g8 
Alcohol 335 was obtained from (R)-1 by Wittig reaction followed by a mercuration-reduction 

procedure. Compound 335 was transformed into epoxide 336 by a typical reaction sequence. Opening 
of the oxirane ring upon use of an anion generated from ethyl malonate, followed by reaction with 
fo~aldehyde, furnished lactone 337. The methylene group was protected by Michael addition of 
selenophenol ; subsequent dehydration gave 338 which in two steps was finally transformed into 339, 

The synthesis of (w-)-tulipaline Blg9 is illustrated in Scheme 75. 
Acid chloride 340 was obtained from (R)-1 as a result of potassium permanganate oxidation under 

alkaline conditions, followed by treatment with oxalyl chloride. Compound 340 was then transformed 
into benzoate 341. Using typical reactions, acid 343 and final compound 344 were obtained. Moreover, 
known dihydroxyester 345 was prepared by esterification using methyl iodide and sodium hydride. 

Scheme 73. Reagents: (a) (i) EtOCZCLi, THF, (ii) Hz, Lindiar catalyst, Et,N, (iii) MesOH, CH,Cl,; (b) 
Ph,P+CH,C,H, ,I-, CH2=SOMc, DMSO; (c) (i) 0.005.N HCI, M&N. H,O, (ii) T&l, pyridine, (iii) DBU, 
THF, (iv) CHZLi -(CH,NH&, HMPA, THF, (v) Me,&Bu)SiC1 imidamle, DMF; (d) (i) BuLi, (ii) 
Cu,(cN),. (iii) CH,=C=C(Br)C,H,C02Me, THF, HMPA; (e) (i) H,, Lindlar catalyst, Et,N, (ii) Bu,NF, 

THF, (iiii NaOH. 
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- Scheme 74. Reagents: (a) (i) i-PrP+P&I , -CH,SOMe, DWSO, [ii) HgfOAc),, THF, H,O, (iii) NaBH, 
NaOH, HI0 : (b)(i) HCI. EtOH, (ii) TsCl, pyridinc, (iii) KOH, H20; @I(i) ~&O&t)~, RON% (ii) HCHO, 
l&NH; (d) (i) P&H. EtOH. (IL) POGI,. @dine, (e) li) DIDAL, ‘FHF, (ii) PhSP*McBr-, ‘CH#@& 

DMSO, THF. 

Scheme 75.Reagmts:(a)(i)KMnO,,KOH,H20,(ii)(COC))a,pgridinc,ethy~ether;@)(~)CH~N,~thyl~~~~. 
(ii)PhCO,H,~~dionane;(c)(i)Pb~PtM~~~,~F,(~)OH~,H~O;(d)(i)MnO~,CH~(=l,(ii)AgtO,CH~~~~ 

H,O; (e) 1 N HCI; (f)(i) NaH, MeI. HMPA, (ii) AcOH, H,O; (g.I NaOH, HZO. 

w 2Me 

318 - 

Scbtme 76 Reagents: (a)(i) 34& bcmem, (ii) DDQ; (b) (i) LiB&, THF, (ii) ACOH, H,O, 

OAc 

OAC 

.?sJ 
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The synthesis of optically active forms of &blockers involve utilization of 2,3-O- 
isopropylideneglyceraldehyde (1) as chirality source (Section 2); it is exeniplifled by the synthesis of 
pyridindolo1200 presented in Scheme 76. 

Two ewles shown in Fig. 12 illustrate the application of (IQ-1 for the synthqis of other complex 
nat~~eompounds,namelyofmilbemycin~~(349)2o1~dof~a~entsof~~oxin;t?il)and351.2o21, 
Fig. 12, only three carbon untruth a Airality Gentre owing from @j-I are shown ~~~ati~ly. 

Apart from the many examples of the applications of (Rf- and ~~2,3-00isopropy~dene~y~r- 
aldehyde (I) in stere~ontroll~ organic syntheses which are shown in this report, the title compound 
was also us in other chemi& ~~~o~ations. Thus biologically active compounds like mas- 
soilactone,203 phosphorus-2W and nitrogencantaining2” carbohydrates as well as deoxysugars206 
were obtained starting from 1. Syntheses of phospholipidsaO’ 
tally labelled20* and unlabelled20g 

and glycerol ~derivatives-both isotopi- 
-were carried out utilizing 1 as the chiral substrate. It also serves 

as a starting material in preparations of simple chiral compounds such as 2-(~benzyloxirane,2 lo (S)- 
1,2-hep~n~ol~l 1 cyclopentane system+21 2 various Cs-building blocks,213 /I-ketoesters and pyri- 
midine derivatives,214 vinyl phosphonates2i5 and cyanohy~ d~~vative.‘16 Reaction of 1 with 
aniline was also investigated.2”’ 

9. CQNCLUSIONS 

As can be seen from lite~tu~ data pronto above, aldehyde 1 is a versatile &iron, widely 
recognizd, cheap and easily accessibIefrom natural sources. However, the degree of stereoselectivity 
obtained in some reactions shown is not high enough to meet present demand, thus more work has to be 
done to understand all factors responsibIi for asymmetric induction. Higher stereoselectivities will 
surely expand the utility of this valuable chiral synthon. Finally, we feel that the near future will bring 
even more examples of synthetic sequences starting from the (R)- and (S)-2,3-O-isopropylidene- 
~y~r~dehyde. 
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